oo,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTIC§

WARTIME REPORT

ORIGINALLY ISSUED
September 1945 as

Advance Restricted Report I15G18a
A METHOD FOR DETERMINING OIL-COOLER PERFORMANCE
REQUIRFMENTS IN SERIES OPERATION
By H, Boyet

Langley Memorial Aeronautical Laboratory
Langley Field, Va,

Nac

o NACA LIBRARY

LANGLEY MEMORIAL AERONAUTICAL
WASHINGTON LABGRATORY

' Langley Field, Va,
NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

Lol




3 1176 01363 8664

NACA ARR No. L5G18e P
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ADVANCE WESTRICTED REPORT

A ¥ETHOD FOR DETERMINING OIL~COOLER FERFORMANCE
REQUIREMENTS IN SERIES OPERATION
By H. Boyet

SUMMARY

An equation has been developed by which the over-all
rerformance of any number of oll coolers when operating
in series can be related to thelr performance when oper-
ating singly. Thls relation 1s of value to the designer
of power-plant installations in determining the individual
performance required of ldentlcel coolers connected in
serles to obtaln a desired over-all performance. The
method i1s strictly applicable only when there 1ls no oll
diversion and when the heat-transfer coefflclents on the
0oll side of the individual coolers do not vary with inlet
oil temperature wlth the coolers in serles.

A comparlison was made of the experimental over-all
performance of two conventional type 15-inch-diameter
oll coolers, selected accordlng to the analysis and
equipped first with spring-loaded valves and then with
rotery velves, with the desired over-all performance. The
results showed close agreement between theory and experi-
ment in the raglon of full oll flow through the cooler
cores and in the reglon where heat-transfer coefficlents
wore not affected by inlet oll temperature and confirmed
the anticipated deviations at conditions favorable to oil
diversion and varlation in heat-transfer coefficients.
The analysls made 1s considered applicable in the range
of performence thet 1s lmportant In the design of oil-
cooler installations.

INTRODUCTION

The increasing power of alrcraft engines has been
attended by stricter oll-cooling requirements. New and
larger coolers are not always avallable, however, and
in many instances space limlitations might prevent thelr
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use even 1f they could be obtalned. Multiple oll-cooler
installations are therefore used. Multiple oll-cooler
arrangements cen be classified according to the flow
paths of cooling air and oll as elther serles or parallel
for each of the flulds. Serlies alr flow ls seldom desir-
able because of the excessive cooling-alr pressure drop
and because of the lnadequate temperature dlfferentials
of the downstream coolers. In the followlng dlscussion
the air flow 1s assumed to be parallel, therefore, and
the terms "series" snd "parallel" willl be used to apply
only to the oll-flow path.

Series oll flow and parallel oll flow each have
their particular acdvantages and disaedvantages, and the
choice of arrangement depends upon the needs of the
deslgner. When oll flow from the englne 1s divided
between the coolers, as in parallel arrangement, oll
pressure drops are slight. Heat-transfer coefficlents,
however, are also small - a condition that requlres large
coolers and that leads to susceptibllity to cocngealing.
with the oil flow in series, each cooler receives the full
0oil flow to the benefit of the heat-transfer coefficlents
on the 01l side but at the expense of oll pressure drop.
In parallel operatlion each cooler performs as an indivi-
dual unit and, when the oll flow to each cooler 1s known
and assured to be constant, the deslgn problem 1s essen=-
tially no different from that for single cooler installa-
tions,

When coolers are connected in series, the over-all
performance of several coolers of known performances can
be obtalned by computing the exit oll temperature from
successive coolers. The 1lnverse case of ascertaining
the individual performance required of several identical
coolers to give a deslired over-all performsnce 1s usually
of greatest intersst to the desligner. This problem can,
of course, be solved by a trial-and-error procedure,
which would require much time and effort. The purpose
of this report i1s to develop a formula relating over-all
performance in serles with individual cooler performances
for different coolers and to demonstrate the vallidity of
this formula for two identical coolers equlpped flrst
with spring-loaded valves and then with rotary valves.
This formula would provide a means of computing the
individual cooler performance required to give a speci-
fied over-all performance when i1dentical coolers are
connected in series.
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SYMBOLS
. Cp speciflic heat at constaent pressure, Btu per pound
o
per “F
H heat dlssipation, Btu per minute
H! specific heat dissipation, Btu per minute per

100° F terperature difference between average
0oll and entering cooling-alr temperatures

H

ti + tgz * 100
- taip
2
temperature, OF

w wolght rate of flow of fluld, pounds per minute
ty - tox

n oll-cooler effectiveness on oll side
ty = taip

Subscripts:

air condition of alr at entry to oll cooler

1, 2, 3, . . . n first cooler, 3second cooler, otc.

c eommon values of a quantity when values at 1, 2,

3, «. « » n are equal. For example, when

M =N =« « « Ny, then M =My, = o ¢ TM=Ng

ex condition of oll at cooler exzlt

1 condition of o0ll at cooler inlet

o over=-all .
oll conditlion with reference to oll

t theoretical or specified

exp experimental
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ANALYSTS

Measures of 0il-Cooler Performance

Specific heat dissipation.- Specific heat dissipation,
defined as the heat transmitted from oll to alr each
minute when the 3difference between the average oll and
entering cooling-alr temperatures 1s 100° F, 18 the most
commonly used measure of oll=cooler performance. Expressed
symbollcally, speciflic heat dissipation 1is

H' = % 100 (1)
ti + tex
2 - tair
where
H heat dlssloation, Btu per minute
ti + tex
> average temperature of oll in cooler
tair temperature of coollng 2ir entering conler

Since
H= Woilcpoil(ti - tex)
equation (1) cen be put in the form

_ wbilcpoil(ti - tox)
ti + tex

2 - tair

x 100 (2)

Speciflc heat dlssipation 1s primarily a function of the
welght rates of flow of oll and alr and, to a lesser
degree, of the temperatures of the incoming oill and sir.
The nature of the variation of the speclific heat dlssipa-
tion with oll-flow and alr-flow rates 1s lllustrated in
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figure 1 for fixed cooling-alr and inlet oll tempera-
tures.

Cooler effectiveness.- Another less frequently used
measure of oll-cooler performance 1s the cooler effective-
ness, defined as the ratio of oll temperature drop through
the cooler to the difference between inlet oll and
entering coolling-alr temperatures, or

= (3)
ty - taip

Effectiveness 1s the degree of completeness with which
the maxinmum avallable oll-to-air temperature difference
1s utilized in reducing the temperature of the oll. 1In
the analysis of multiple oll-cooler operation 1n series,
effectiveness 1s much more amenable to mathematical
treatment than 1s specific heat dissipation. Effectlive-
n3ss, like speciflc heat dissipation, 1s primerily a
function of the weight rates of flow of oll and alr; the
nature of this relationship is i1illustrated In flgure 2.

Relation between svecific heat dissipation and
%ffectiveness.- Equation (2) may be rewritten 1n the
orms

2Woy10p,, (b1 = ex) X 100

(t1 = tayp) + (box = tair)

2w511°P011 x 100

ty -t
ti-t ti-t

= (4)
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By use of the definition of effectivenese as glven 1in
equation (3), equation (L) becomes

1%p
B = oLl (5)

Equation (5) may also be put in the form

2
2?.'01 109011 x 100

H!

n= (6)

l +

An assumption of 0.5 as a value for the specific heat of
oll, which 1s often of acceptable accuracy, will reduce
equation (6) to the form

n = (7)

Over-All Effectlveness of Several
Coolers 1n Series
In the analysis the followling assumptions are made:
(1) There 18 full oil flow through the cooler cores
(2) Heat-transfer coefflcients sre indevendent
of the temperature of the oll at the inlet
to the cooler
Assumption (2) implies that the effectliveness end specific
heat dissipation of successive coolers connected 1n serles

are not affected by the decrease 1n inlet oil temperature
accomplished by the preceding cooler.
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Effectiveness of n coolers in series.- The over-
all effectiveness of sn oil circuit consisting of n
coolers in series i=-defined as

t, -t
i, oXp

(8)
11 = tair

and the expressions for effectlveness of the individual
coolers 1n serles are

til = teil
L s (3)
11 alr
tiz = tex2
= 10
L R —— (10)
12 alr
t -t
1 8
ny = —2 *n (11)
t -t
1n alr

For negligible heat exchenges 1n the oil 1llins between

successive coolers, texl= tiz' texa = t15, etc., 80
that equations (10) and (11) become
t t

exy = exs

N, = (12)
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t -t
_ Soxy ;" tex;
texn_l - tair

n (13)

The solutlions for exlt oll temperature from equa-
tions (9), (12), and (13) are

texl = til N nl(%il - tair) (1)

tex., = texl T n2<texl = tair) (15)

texn = te%_l - nn<texn_l - 1:la.ir') (16)

Successlve substitutlons of expressliona for t s

ex,_;
texn_a, e o oy toy , and texl as glven by equations
of the type of equations (1) end (15) into equation (16)
yield

box = b1 [(1 S - mpey) - (2 -ql)]
t g [t @) 1+ (17 ) (- M) Tea

+...+(1-nn)(l-nn_1)...(l-na)nl (17)
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The expression for over-all effectliveness, equa-
tion (8), thus _becomes

L

o = tiltfltm [ -(t-m)(-mo1) - - (1-111)]

__'_a_i_!‘_[nn+(1_nn)nnl

t
11 air

+ (1'“n)(1"”»n-1> .« .. (1-712)711] (18)

It can be shown by expansion that the factor multiplying

in equation (18) 1s identical with the

t

factor multiplying . Equation (18) there-

til - tair

fore reduces to

til = tair

R s el Rl L CCL ) PR L)
1-(1- nl)(l-nz)(l - n3) .« .. (1'Tln) (19)

Equation (19) gives the over-all effectlveness of n
coolers 1n serlies in terms of thse effectiveness of the
individual conlera. This over-all seffectliveness willl

be called the theoretical over-all effectiveness in con=-
trast with the experimentel effectlveness glven by equa-
tion (8), which 1s hased upon over-all nil temperature
drop.



10 NACA ARR No. I5G18a

Application of theory to cooler selection for
1dentical coolers.- ¥Yhen n 1ldentical oll coolers
operate In serles and all receive equal amounts of cooling
alr at the same alr temperature, all the. units should
operate at the same value of effectlveness wlthin the
accuracy of the two basic assumptlions. This fact 1s
apparent from filgure 2, which shows effectiveness as a
unique function of oll-flow and air-flow rates. Denoting
this common effectiveness by mn.,, equation (19) gives for
the over-all effectliveness in tﬁe speclal case of identlcal
coolers

mo =1 = (1-mn)" (20)

By use of the l1nverse relation

1
ne =1-(1-mn)"" (21)

corresponding to equation (20), it 1s possible to express
the effectiveness required of 1ndividual identical coolers,
upon which cooler selection depends, in terms of over-all
effectlveness desired. The 1ndividual effectiveness of
each of two 1dentical coolers necessary to achleve a
speclfled over-all effectlveness 1s given by

/2

1
Ne =1 =-(1-m,) (22)

For three ldentical coolers in serles, the necessary
Individual effectiveness 1s glven by

1
Ne =1 = (1-mg) /3 (23)
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Over-All Specific Heat Dissipation of

Several Coolers in Series’

Although the use of effectliveness was advantageous
in deriving the foregolng results, oil-cooler performance
i1s more frequently expressed in terms of specific heat
dissipation., The relations obtained by rewriting the
results in terms of specific heat dissipation through the
use of equation (6) are much more involved, however, than
those expressed in terms of effectiveness and are there-
fore of 1little practical applicaebility. Accordingly, in
selecting oll coolers for operation in series from charts
similar to figure 1, 1t will be found more convenient to
convert the requlred over-all speclfic heat dissipation
to over-all effectiveness by equation (6), determine the
required individual effectiveness by equation (21), and
reconvert the required indlvidual effectiveness to the
specific heat dissipation by equation (5).

Devarture from Baslc Assumptlons
and Effects on tho Analysis

Chenge of hest~transfer coefflcient with oll tempera-
ture.~- Because of the varlation of the thermodynamic prop-
erties of 01l with temperature, the heat-transfer coeffi-~
clent of o0ll at constent oll~flow rate diminlishes with
decreasing oll temperature instead of remalning constart
as was assumed In the enalysis (assumption (2)). The
magnlitude of this dimlnution cannot be predicted exactly
because of nonuniformities of local oll-flow rates
within the cooler. Furthermore, as the heat-transfer
coefficlent decreases at low air temperatures, a "“waxing"
of the heat-transfer asurface occurs which reduces specific
heat dissipation by rendering parts of the heat-exchanger
surface 1neffective.

011 diversion.- The high viscosity of oll at low
temperatures creates such a resistance to flow that spring-
loaded pressure-~relief bypass valves are nesessary to
prevent damage to the cooler or other parts of the lubri-
cating system. Such valves are usually closed at normal
engine operating conditions, and their actlion would
normally be expected to cause no great deviation of cooler
performance from that predicted by the analysis.
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In an effort to obtaln automatic oll-temperature
control and to improve warm-up characteristics, oll
coolers are usually fltted wlith thermostatically
actuated oil-flow control valves, which bypass increasing
amounts of oll from the heat-exchanger surface as the oil
discharge temperature decreases. Such valves are operative
whenever the discharge temperature of the oll is below
that value for which the valves are set. Since the
snalysis developed in thlis report presupposes that the
oll flow through each successive cooler in a serles 1s
the full amount entering the flrst cooler and that the
entire heat-exchanger surface 1s utlilized at all times
(assumption (1)), any action of the thermostatic flow-
control valve to bypass oll or eliminate heat-exchangsr
surface can be expected to cause the performance to devi-
ate from the prediction based on theory. Because the
thermostatlic vealve produces greater diversion of oll as
the temperature of the oll decreeses, this effect may
be expected to become greater with each successive cooler
in a serles.

If the thermostatic valve is correctly adjusted,
however, the entire heat-exchanger surface wlll be
employed at the full oll-flow rate whenever the oll
discharge temperature exceeds that for the design con-
dition, if 1t 1s assumed that no congealing occurs.
Consequently, action of the thermostatically actuated
valve can be disregarded in using the analysis for
installation design purposes but not in comparing
experimental results wlith calculated performance, except
at full oil flow.

APPLICATION AND VERIFICATION OF THE METHOD
FOR TWO IDENTICAL COOLERS IN SERIES

The degree to which the appllcability of the
analysis 1s affected by actual oll-temperature variation
and flow-control-valve operation cannot be determined by
pure analysis; therefore comparison with experimentally
measured over-all performance l1s madse.

Experimental Data

Individual oll=-cooler performance.- Information on
the performence of a conventional type 15-inch-dlameter
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oll cooler operating alone at various conditions was
obtained from tests conducted at the Naval Alr Experi-
mental Statlion at the Philadelphla Navy Yerd and permis-
glon to use thls information was granted through the
courtesy of the Bureau of Aeronautics, Navy Department.
The date for an air-flow rate of 318 pounds per minute
and an inlet oll tempersture of 250° F were reduced to
curves of individual effectliveness plotted ageinst oll-
flow rate at several cooling-air temperetures to facili-
tate subsequent computations (fig. ??. The alr-flow rate
chosen was the one for which there was the widest range
of data for oll-flow rate and cooling-air temperature.
The so0lid curves of filgure 3 represent performance deter-
mined at the Wavel Alr Experimental Station; dashed parts
of the curves represent extrapolations made necessary by
incomplete data coverage of the needed operating condi-
tions.

Qver-all performance in serlies.- The actusl over-
all performance of two previously mentioned conventional
type 15-inch-diameter oll coolers in series was also
obtained from the Naval Alr Experimentel Station investi-
gation. The data Include operation of coolers equlipped
wlth thermostatlically actuated rotary flow-control valves
and cooclers equipped wlith sirple spring-loaded relierl
valves. Data were sslected for tlie same conditlions as
those presented for individuel cooler performance in
figure 3. The data were reducsd to curves of over=-all
effecti veness plotted against oil-flow rate at several
cooling-alr temperatures and are presented in figure L.
Extrapolastion was necessary to obtain outlet oll tempera-
tures at a cooling-air temperature of 100° P; the dashed
curves in figure E are based on this extraponlation.

Theoretical Over-All Performance in Serles

The over-all performance of two ccnventlonal type
15=-inch-dieameter oll coolers in series was calculated by
using equation (20) and the valuss of effectiveness from
figure 3 for mn,. Performance so obtalned 1s shown in

the form of curves of over-all effectivensss plotted
ageinat oil-flow rate at several coollng-air tempera-
tures (fig. 5). Dashed curves are used to indicate the
results based on the extrapolated portions of figure 3. It
1s to be expected that the experimental over-all perform-
ance would be the same as that indicated in flgure 5,
provided the condlitlions required by the baslic assumptlons
are fully mot.
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Comparison of Theory and Experiment

The purpose of the analysls l1s to predict the effec-
t1 veness required of each of several identical coolers
to obtaln a specified over-all effectiveness. In order
to verify the validity of the prediction, 1t 1s desired
to lkmow the agreement between the experimental over-all
effectiveness obtalned in a series installation of
coolers selected according to the anslysis and the
Initiaelly specified over-all effectiveness. For this
purpose the theoretical curves of figure 5 can be con-
sidered as examples of speclified over-all requiremsnts.
The curves of figure |, then represent the experimental
over-all effectl veness obtained when the coolers of the
required individual effectiveness as glven by the curves
of flgure 3 are connected in series. The curves of fig-
ures and 5 can then be compared to demonstrate the
validity of the prediction. These comparisons are shown
for coolers equipped with spring-loaded valves in figure 6
and for coolers equipped with rotary valves in figure 7.

Spring-loaded valves.- The curves presented in
flgure 6 show close agreement in most cases between
speclfied and experimental over-all effectlveness. There
1s, however, an indicatlon of disaegreement at a coollng-
ailr temperature of 80° F at very low rates of oill flow.
The original data for this test indlcate some inconsist-
ency at these condltlons, which mey be the cause of thls
discrepancy. Slight disagreement also 1s shown for a
cooling-sir temperature of -30° F at very low rates of
0il flow. The performance of each of the two coolers
operating 1n serles, as obtained from the Naval Air
Experimental Station tests, showed that deviation from
the performaence required of each of the coolers ococurred
entirely in the downstream cooler. (See fig. 8.) This
finding suggests the probabllity of diminutlion of heat-
transfer coefficlent or diversion of o1l through the
spring-loaded valve as a result of the reduced temperature
of the oll entering the second cooler. The very close
agreement between specifled amd experimental over-all
effectiveness at an air temperature of LO° ® (fig. 9),
however, 1s shown by close agreement between the per-
formance of each cooler in series and the performance
required of each cooler. 1In this case the temperature
of the oll entering the downstream cooler was not low
enough to alter the performance of the cooler appreclably.
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In the range of ratea of o1l flow and cooling=-sair
témperatures for which the cooler was desligned, .the.
maximum percent deviation between specified over-all
effectiveness and experimental over-all effectlveness
was about 3 percent (fig. 6). This deviation 1s regarded
28 well within the accurecy needed for the design of oil-
cooler installations.

Rotary valves.- The agreement between the specified
and experimental performance curves of figure 7 is gener-
ally close at cooling-air temperastures of 100° F, 80° F,
and 4LO° F. Some inconsgistency Lg the original data at
air tewperatures of 80° F and LO° P was noted at low
rates of oll flow and ray be the cause of the disagree-
ment at these conditlons. At alr temperatures of O° F
and -50° F the dlsagreement was pronounced, except at
very hizh rates of oil flow. The supposition that this
conditlon wes caused by a reduction in heat-transfer
coefficlent and diversion of olil by the bypass action of
the rotary valves 1s substantiated by a corparison of
the performence of each of the two coolers in series
with the regulred performance of each of the coulers.
Such a comparison of coole* performance for a zocling-
air temperature of -5C P 1s presented In flgure 10,
which shows how the performance of the dnwnstream cooler
was affected by ths greatly rzduced temperature of the
0oil entering that cooler.

The maximum deviation between experimental and
speclfied over-all sffectiveness wes only 5 percent in
the rarnges of performsnce that 1s importent in the design
of oil=-c~oler installations, if soms inconsistent data
and the extrapolated data for an air tewperature of
100° F are disregerded (fig. 7).

General considerstions.- In general, for the case
of the two conventional type l5-inch-diemeter oll coolers
connected in serles, the agreement between thsory and
experiment was close 1n the performance range of importance
for nll-cooler installation design. At swrall oll flows
and low cooling-alr temperstures, at wkich the reduction
in heat-transfer coefficlient 1s commonly attributed to
congealing and the dlversion of oll by the flow-ccntrol
valves 1s most apt to occur, anticipated deviations were
observed. These deviations under congeallng conditions
are not, however, regarded as detrimental to the appll-
cabllity of the theory because o0ll coolers are selected
to meet the design heat dissipation at thelr full oil-
flow rate.
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CONCLUSIONS

An snalysls hes been made which 1s generally appli-
cable to the design of serles-flow oll-cooler lnstalla-
tions. From a comparlson of experimental over-all
effectlveness obtained in & series installatlion of two
conventional type l5-inch-dlameter oll coolers selected
according to the analysls with the 1nitlally specified
over-all effectlveness, the following concluslons have
been drawn:

1. The experimental over=-all performance of two
1dentical coolers iIn serles, selected accordlng to the
analysis and equipped with spring-loeded valves, agreed
closely with the specified over-all performance, the
maximum devlation between experlimental and specifled
over-all effectiveness in the performance range of
importance for oil-cooler installation design being
about 3 percent.

2. Close agreement wsas obtsalned in most cases
between the experimental over=-all performence of two
1dentlcal coolers in serles, selected according to
the anelyslis aend equipped with rotary valves, and the
specified over-all performance, except 1n the reglon
where dlsagreement was enticipated because of the
bypass actlon of the valves. In the performance range
of importance for oll-cooler installation design, the
maximum deviation between experimental and specified
over-all effectiveneses was only 5 percent, with the
exception of certsin deta belleved to be unrellable.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Langley Fleld, Ve.



¥y

NACA ARR No. L5G18a Fig.
soo—-1 | : 1B Orl-Flow . rate, Whil
J . (16/m in) ol 4 100
, d
N 3200 /
N
X a
R 2800 ,/
N /
) 4 60
< / L~
N N / //
S 20 Vv
B
QL 74 //
2 /600 /] //
kS / //
<2 200 / /
L )
© Soo / /
P /
40 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
0

0 /00 200 300 0 Sdo 600
Cooling -air-flow rate, Wy, /b/min

Figure 1.~ Example of oil-cooler selection chart based on specific
heat dissipation. Inlet oil temperature, 250° F; cooling-air
temperature, 100° F,



Fig. 2 NACA ARR No. L5Gl8a

Oil-Flow rate, W
(16/min)
.6 =

=
/
|~ /00,
o)
"
A 17
v /

& 4 — -
lo\ 7
0 pd
Q v
N
2.3
®
g
§ //

2 / 7

v

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
00 /00 0 K77 200 S0 15774

Cooling- air-flow rate s Wajr 18/ 1m0

Figure 2.~ Example of oil-cooler selection chart based on effectiveness.
Inlet oil temperature, 250° Fj cooling-air temperature, 100° F.



NACA ARR No. L5Gl8a ‘ Fig. 3

Cool ing-air fer;)_peraz‘ure > airl
501100 |
80
46 - \
NS 40
a
S NN
A 4L N
Y N
S \\\
S 58 AN
W \ \\
N - RN
S 01 A
$.34 \\‘\ \\\\\\\
Eg \\\\\\\:\\‘\
N N N AY
Jo N Lo
N E57 NN
i\) L\\ ~N \\\\\ \\\
N [~ AN
5 R
<
<& \\\ES;::\\\\
| NATIONAL ADVISORY NN
COMMITTEE FOR AERONAUTICS IR
| ~J
B A L 1

Oil=flow rate, Wy, 187min

Figure 3.- Individual effectiveness of a conventional type
l15~-inch-diameter oil cooler. Inlet o0il temperature,
250° F; air-flow rate, 318 pounds per minute. (Plotted
from data obtained in tests at N.A.E.S., Philadelphia
Navy Yard, )



Fig. 4a,b NACA ARR No. L5G18a

ZZ[,»

(°F)

PLA
/

|
2

V7,

NN
RN

1Y é0 /00 MO /80 R0
Oil=Flow rate, Wi, lb/min

(a) Spring -loaded valres .

A

(&

3

Laperimental over-all effectiveness %oe, ,

lair COMMITTEE FoB AERONAUTICS
(o)
6 e :
4 V00
ﬁ%\K{
S 40 g
%\
4 0 — — N
L - 0 (7 -
3 |

20 60 100 /40 /180 220
Qul-flow rate, Wpj,lb/ men

(6) Rotary valves -

Figure 4.~ Experimental over-all effectiveness of two
conventional type l15~inch~diameter o0il coolers 1in
series. Inlet oil temperature, 250° F; air-flow
rate, 318 pounds per minute. (Plotted from data
obtained in tests at N.A.E.S., Philadelphia Navy
Yard. )



NACA ARR No. L5G1l8a Fig. 5

Cooling-air Zemperature, tyir
.3 (F)

Q
S lw

N
3 7 22 \\\\
)
SRR
bN
b I
N :\\
I 5 —3 \>\ h \§

. S

3 B B e it

\ -1 \‘ [y %:E.
%, TF3Fy
N TS =3z
) A Sy
S
S
Q- NATIONAL ADVISORY
S COMMITTEE FOR AERONAUTICS
R s
<
N .2

30 , 100 150 ) L00
Oil-flow rate, Wy, /l-"mih
Figure 5.- Theoretical over-all effectiveness of two

conventional type l5-inch-diameter 0il coolers in
series. Inlet oil temperature, 2500 F; air-flow
rate, 318 pounds per minute.




Fig. 6a-e NACA ARR No. L5G1l8a
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Figure 6.- Comparison of experimental and specified over-all effectiveness. Spring-
loaded valves; inlet oil temperature, 250° F; air-flow rate, 318 pounds per
minute.
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Figure 7.- Comparison of experimentel and specified over-all effectiveness.
Rotary velves; inlet oil temperature, 250° F; air-flow rate, 318 pounds
per minute. Uncorrected for bypass action of rotary valves. '
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Figure 8.- Comparison of experimental individual and
over-all effectiveness with required individual and
specified over-all effectiveness, respectively.
Spring-loaded valves; inlet oil temperature, 250° F;
inlet air temperature, -30° F; air-flow rate,

318 pounds per minute.
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Fagure 9.~ Comparison of experimental individual and
over-all effectiveness with required individual and
specified over-all effectiveness, respectively.
Spring-loaded valves; inlet oil temperature, 250° ¥;
inlet air temperature, 40° F; air-flow rate,

318 pounds per minute.
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Fig. 10 ‘ NACA ARR No. Lb5Gl8a

A
o
[ -
¢ =
5 “ e
32 : s
%’ 759 @ — <
P
1% 20 80 /20 /60 200
< Oi/-Flow rote, Wy, /b/rminm
6
|7,
t — _
“r I -
%Sp v O\\\\;

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
I [ { 1

80 /120 /60 200
Oilflow rate, Wy , 16/1min

Over-olf effectiveness,
AM!

%Q

Figure 10.- Comparison of experimental individual and
over-all effeetiveness with required individual and
specified over-all effectiveness, respectively.
Rotary velves; inlet oil temperature, 250° F; inlet
air temperature, -30° F; air-flow rate, 318 pounds
per mimute. Uncorrected for bypass action of
rotary valves.
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